An embedded system is a special-purpose computer system designed to perform one or a few dedicated functions often with real time computing constraints. It is usually embedded as part of a complete device including hardware and mechanical parts. In contrast, a general-purpose computer, such as a personal computer, can do many different tasks depending on programming. Embedded systems control many of the common devices in use today. Since the embedded system is dedicated to specific tasks, design engineers can optimize it, reducing the size and cost of the product, or increasing the reliability and performance. Complexity varies from low, with a single microcontroller chip, to very high with multiple units, peripherals and networks mounted inside a large chassis or enclosure. In general, "embedded system" is not an exactly defined term, as many systems have some element of programmability. For example, Handheld computers share some elements with embedded systems -such as the operating systems and microprocessors which power them -but are not truly embedded systems, because they allow different applications to be loaded and peripherals to be connected. In this presentation we are going to concentrate on embedded systems, real-time operating systems, its classification, comparison with OS configuration and design process.
INTRODUCTION:
If we look around us, today we see numerous appliances which we use daily, be it our refrigerator, the microwave oven, cars, PDAs etc. Most appliances today are powered by something beneath the sheath that makes them do what they do. These are tiny microprocessors, which respond to various keystrokes or inputs. These tiny microprocessors, working on basic assembly languages, are the heart of the appliances. We call them embedded systems. Of all the semiconductor industries, the embedded systems market place is the most conservative, and engineering decisions here usually lean towards established, low risk solutions. Welcome to the world of embedded systems, of computers that will not look like computers and won't function like any thing we are familiar with.
As the name signifies, an "embedded system" is built into a non computing device, say a car, TV or toy. We can define an embedded system as "a computing device, built in to a device that is not a computer, and meant for doing specific computing tasks". In general engineering terms, embedded systems are used for the control of industrial or physical processes. In computer science terms, embedded systems are distributed reactive systems. Typically these systems have to react to stimuli from their environment in real time. This can be of high importance in situations where a lot of signal processing must be carried out on the inputs in order to compute the outputs. e.g., multimedia applications. Embedded systems have been around us for about as long as computer themselves. These were first used in the late 1960s to control electro mechanical telephone switches. As computer industry has moved towards smaller systems over the last decade or so, embedded systems have also moved along with this trend.
HISTORY
In the earliest years of computers in the 1930-40s, computers were sometimes dedicated to a single task, but were far too large and expensive for most kinds of tasks performed by embedded computers of today. Over time however, the concept of programmable controllers evolved from traditional electromechanical sequencers, via solid state devices, to the use of computer technology.
One of the first recognizably modern embedded systems was the Apollo Guidance Computer, developed by Charles Stark Draper at the MIT Instrumentation Laboratory. At the project's inception, the Apollo guidance computer was considered the riskiest item in the Apollo project as it employed the then newly developed monolithic integrated circuits to reduce the size and weight. An early mass-produced embedded system was the Autonetics D- 
CLASSIFICATION
Embedded systems are divided into autonomous, real-time, networked & mobile categories. Autonomous systems: They function in standalone mode. Many embedded systems used for process control in manufacturing units& automobiles fall under this category. Real-time embedded systems: These are required to carry out specific tasks in a specified amount of time. These systems are extensively used to carryout time critical tasks in process control. Networked embedded systems: They monitor plant parameters such as temperature, pressure and humidity and send the data over the network to a centralized system for on line monitoring. Mobile gadgets: Mobile gadgets need to store databases locally in their memory. These gadgets imbibe powerful computing & communication capabilities to perform real-time as well as nonrealtime tasks and handle multimedia applications.The embedded system is a combination of computer hardware, software, firmware and perhaps additional mechanical parts, designed to perform a specific function. A good example is an automatic washing machine or a microwave oven. Such a system is in direct contrast to a personal computer, which is not designed to do only a specific task. But an embedded system is designed to do a specific task with in a given timeframe, repeatedly, endlessly, with or without human interaction.
HARDWARE
Good software design in embedded systems stems from a good understanding of the hardware behind it. All embedded systems need a microprocessor, and the kinds of microprocessors used in them are quite varied. A list of some of the common microprocessors families are: The Zilog Z8 family, Intel 8051/X86 family, Motorola 68K family and the power PC family. For processing of information and execution of programs, embedded system incorporates microprocessor or micro-controller. In an embedded system the microprocessor is a part of final product and is not available for reprogramming to the end user. An embedded system also needs memory for two purposes, to store its program and to store its data. Unlike normal desktops in which data and programs are stored at the same place, embedded systems store data and programs in different memories. This is simply because the embedded system does not have a hard drive and the program must be stored in memory even when the power is turned off. This type of memory is called ROM. Embedded applications commonly employ a special type of ROM that can be programmed or reprogrammed with the help of special devices.
SOFTWARE
Embedded software has grown complex and pervasive enough to attract the attention of computer scientists. Embedded software's main task is to engage the physical world interacting directly with sensors & actuators. The most pressing problem is how to adapt existing software techniques to meet the challenges of the physical world. Software for embedded systems must handle problems beyond those found in application software for desktops or mainframe computers. Embedded software often has several things to do at oncerespond to external events, cope with unusual conditions without human intervention while being subjected to deadlines. So embedded software is harder to design. Embedded systems are increasingly networked which introduced significant complications such as downloadable modules that dynamically reconfigure the system. Moreover, consumers demand ever more elaborate functionality which greatly increases software complexity. These systems can no longer be designed by a single engineer, fine tuning tens of kilobytes of assembly code. Embedded software design is art as much as it is science.
Functionality has steadily shifted from hardware to software. C has become the language of choice for embedded programmers, because it has the benefit of processor independence. Languages such as C++, Java are also used. Home devices will flourish best if they present a uniform API to application programmers, and an ideal interface is Java. Open Service Gateway Initiative(OSGI) , a java based system that combines services with event on security mechanisms, is defining a set of open standard software application interfaces for building Open Service Gateways including Residential Gateways . Embedded Graphical User Interface's (GUI) are growing more elaborate day by day. Developers now have to contend with such arcana as a color pallet. In some applications, an embedded GUI has to compete with mechanical controls. In luxury cars, for e.g., Graphical displays are starting to replace mechanical Speedo meters and tachometers. Any source code written in C or C++ or assembly language must be converted into an executable image that can be loaded onto a ROM chip. For this purpose three distinct steps are involved.
o Cross compiled or assembled to generate object files. o Object files must be linked into a relocatable program.
DECOS -Dependable Embedded Components
And Systems: and safety-critical systems in applications such as avionics, space, railway and transport, process control and medical Embedded systems already play an important role not only in consumer electronics but also in many important systems. There are, for instance, already many embedded systems in cars with critical control functions (e.g. ABS braking systems, airbags), and these will become much more widely used in the automotive industry once they can be delivered at prices acceptable to the automotive market).The DECOS project, which is being prepared, is intended to develop dependable components and systems that will be applied in various control systems in the automotive and aerospace/avionics industries, as well as in railway and transport and industrial automation. These ‗embedded' computer systems, which realize various distributed, safety-relevant functions, will have enormous economic and societal relevance in the future.
The mission of DECOS is to develop an architecturebased design methodology and the associated COTS hardware and software components together with certified development tools and advanced hybrid control technologies. This will significantly reduce the design, deployment and life-cycle cost o dependable embedded applications and will integrate these applications seamlessly into the global information infrastructure. The specific integration aspects of DECOS are twofold (see Figure) : -Horizontal integration over a number of application sectors: automotive, aerospace, railways/transport, industrial automation/process control, medical devices and systems. Physical memory address must be assigned to the relocatable program. The fine art of automation:
Just imagine. We load the code of our destination in the dashboard computer and turn the car on, while we remain seated carefree on the rear seats. Then its all the job of the "unknown" to drive it on the roads, bridges, thought the bazaars, past the crossings to the destination, without getting challenged even once for traffic rule violations.
A fully computerized car capable of doing almost every thing a car lover would want to. Seems like fantasy but a day is not far when almost all automobiles will interact with computer on dashboards. From ordering pizza to booking tickets at the nearest theatre, things would be as easy as giving orders to your servant. As a matter of fact, vehicles all over the world are now fitted with intelligent devices that make the vehicles to respond to various factors -be it climate control, sudden accelerations or braking or even self-repair of modules. There are trends where the finger print technologies have also been introduced which gives the following reliabilities .You could one day be able to enter and start your car with the touch of a finger. And that same touch, with your fingerprint acting as a key, would trigger a check of the mirrors, steering wheel, radio and temperature to ensure that they're the way you like them. The convenience of fingerprint recognition technology comes with heightened security. Unlike personal identification numbers, passwords and keys, each person's unique fingerprints can't be duplicated, lost or forgotten.
Description
As stated above that a vehicle can run by itself with out the intervention of human beings by the embedded intelligence in it. For this purpose Global Positioning System (G.P.S) using satellites can provide positioning information and proves to be a versatile all-time. For still higher accuracy wide area differential GPS is used, which offers a robust system that readily deals with selective availability errors and satellite clock errors.
An error level of decimeter/centimeter is guaranteed by WADGPS which satisfies the ground vehicle control algorithm. Human intervention is completely eliminated by using of reliable sensors and actuators. Making the overall performance of transporting system both congestion-free and collision incorporate the concept of WADGPS they" re -free, besides making it cost effective. The models for GPS also include aiding sensors, e.g. dead reckoning, radar and camera. Forward and reverse motions and u-turns are precisely achieved as per route guidance requirements. Furthermore, an accurate steering control is obtained using Pulse Code Modulation technique and acceleration/braking control is successfully implemented using learning adaptive system. This reckoning navigation requires additional vision sensors, route guidance and map-matching algorithms for making the driving tasks fully automatic. The remarkable advances in microelectronics and data processing technology have made possible the miniaturization of sensors the integration and combination of data from a number of sensors. Television cameras, charge coupled device (CCD) type sensors, laser radar and infrared sensors may be used.
The reliability, efficiency and cost effectiveness of an autonomous vehicle depend mainly on how judiciously its navigation sensors, perception unit and computer control is incorporated and how well their performance meets today" s transportation needs. Quite of ten a human driver is forced to maintain attention fo r long periods of time and commit to unpredictable contingencies on the free ways together with traffic jams. All this leads to fatigue and hypovigiliance at the wheel and consequently to more frequent collisions and congestion. The drivers activity is influenced by several factors that depend on driver itself and is environment such as traffic density, traffic status, time of travel and weather. The key to all these driving tasks is collision avoidance. The Master Control Station (MCS) receives the positioning information from the satellite by employing WADGPS concept. The MCS is linked to GPS instrumented position location systems (PLS) installed on the autonomous vehicles through a data link sub system (DLS). The DLS can either use VHF or UHF or Lband, incorporating time division multiple access protocol to handle on the roads. A block forward error correction code is employed to protect and maintain the message integrity. The vehicle route guidance systems gave maturity to the point of practical usefulness as well as cost effectiveness. Such a system is responsible for selecting optimal routes in a given road network and for providing digitized directions to a human driver and or an autonomous system, emphasizing the path of least resistance with consumption of minimum fuel or minimum exposure to pollution /danger criteria Figure below shows a series of interconnected functional subsystems of hardware by software components desired. The destination and starting position of the vehicle together with thetime of travel, manifest an optimal route on the road network. Once the vehicle commences the journey, the sensors continuously keep track of the direction and displacement of the vehicle initial calibration is a little crucial for dead reckoning performance; how ever a feed back calibration indicated in fig 2 suggested to obtain distance accuracy better than 99.9 percent. The new generation microprocessors promises further increase in system capabilities while simultaneously shrinking both volume and power consumption of the autonomous vehicle embedded system. The digital road maps, available on CD-ROM" s have substantially increased safety of automobiles. These maps along with GPS navigation provide a feasible solution to autonomous vehicle system. The expert system technologies are integrated with digital maps along with the CCD camera images, magnetic compass, and the GPS system, for obtaining a real time intelligent decision support navigation package.
The integration of GPS and communication suggests an efficient transportation system for increasing the road traffic safety smooth driving without traffic jams and a comfortable driving environment. Further more the autonomous vehicle relies on such intelligent system integration that leads to complete collision free in time of real time situation. The vehicle transmitting system continuously provides information about its position and velocity to its participants. A safe distance with respect to its immediate surroundings is maintained by acceleration/brakes and steering controls. The internal platform and rate gyro and accelerometer package keeps the vehicles central processing unit (CPU) well informed about the incremental changes in the vehicles parameters. The wheel odometers provide the vehicle traveling distances by multiplying the number of electronically generated pulses by a constant, depending upon wheels perime As the actual tyre size is influenced by vehicles speed, tyre pressure play load and atmospheric conditions, appropriatecorrections are maid by the CPU.
The atmospheric data system keeps continuous record of outside atmospheric temperature, pressure and differential pressure. The information concerning deviation from the road center is obtained by magnetic as well as optical sensors, and fed to the CPU. The GPS receiver updates the vehicles position and velocity to centimeter/decimeter levels as required for the lateral or longitudinal control actions. The autonomous vehicle embedded software mission finally yields the estimates for throttle and heading angle increments for a safe and accident free maneuver. The following figure gives an indication of all the technologies used in a car.
Advantages and comforts:
 The adoptive cruise control ACC technology used in the cars from automobile makers keeps advancing to new levels of safety. In microwave radar unit there is a laser transceiver, fixed on the front of the car to determine the distance and relative speed of any vehicle in its path, which keeps safe distances from other vehicles on the busy roads. The driver can set the speed of his car and the distance between his and other cars. When traffic slows down vehicle speed is altered using moderate braking to maintain a constant distance between his and other cars.  In advanced systems just in the case the driver over speeds or suddenly falls over and guides the car to a safe halt. And if you have programmed it right, the GPS in the car would take you to your destination .so, right from brakes to automatic traction control to air bags and fuel-air mixture control, the intelligence takes over.  A few advanced car prototypes with embedded systems have been tried and tested where even if a smart thief has managed to break in through the car, the car doesn" t start up even if it does the computer I the car would lock the steering wheel and cutoff the fuel injection supply … in the mean time a signal is set to the nearest police station and the owner informing them about the thief.  Some designs now include so-called "pre-safe" systems, which sense possible collisions in advance based on emergency braking, skidding, and sudden evasive maneuvers. They will prepare a car by automatically moving the front seat either backward or forward for the safest distance from the instrument panel, adjusting the seat belt for the correct tension, and even closing the sunroof in case of a potential rollover. The idea is to "cradle" the car's occupants for maximum safety.
An Effective Steam Utilization By Using Condensate Recovery Meter (An Embedded System

Approach)
Theory
An Effective Steam Utilization is to be done by Condensate recovery meter is an electronic meter for continuously displaying the quantity of condensate pumped by a powered pressure pump. The Figure 1 indicates the overall paper is related to the water conservation project. 
Financial reasons
Condensate is a valuable resource and even the recovery of small quantities is often economically justifiable. The discharge from a single steam trap is often worth recovering.
Un-recovered condensate must be replaced in the boiler house by cold make-up water with additional costs of water treatment and fuel to heat the water from a lower temperature.
Water charges
Any condensate not returned needs to be replaced by make-up water, incurring further water charges from the local water supplier.
Effluent restriction
In the UK for example, water above 43°C cannot be returned to the public sewer by law, because it is detrimental to the environment and may damage earthenware pipes. Condensate above this temperature must be cooled before it is discharged, which may incur extra energy costs. Similar restrictions apply in most countries, and effluent charges and fines may be imposed by water.
Maximizing boiler output
Colder boiler feed water will reduce the steaming rate of the boiler. The lower the feed water temperature, the more heat, and thus fuel needed to heat the water, thereby leaving less heat to steam.
Boiler feed water quality
Condensate is distilled water, which contains almost no total dissolved solids (TDS). Boilers need to be blown down to reduce their concentration of dissolved solids in the boiler water. Returning more condensate to the feed tank reduces the need for blow down and thus reduces the energy lost from the boiler. The Figure: 2 indicate the basic process flow system for boiler. 
How to determine the heat transfer rate of condensate?
The efficient mathematical calculation is to be solve by using Following expression Q=m Cp ∆T 4.1(a) where, ΔT =The difference between the ambient temperature water make-up and the temperature of returned condensate Cp = Specific heat capacity of the substance (kJ/kg °C) m = Mass of the substance (kg) Q= Overall efficiency(heat transfer rate) of a condensate recovery meter (%) The AVR Embedded controller is use to find all these configuration in process control instrumentations. With development in electronic field and the availability of low cost automatic process instruments and Embedded controller, measuring of parameter is no longer a problem. Moreover with use of these atomized equipments there is no chance for error and also no wastage of time.
The above system is used for much application like sugar industry, chemical industry, pharmaceutical industry, petrochemical industry. In glass industry, when we go for preparation of annealed glass, we need specific temperature at each stage; hence this unit can be used to monitor this temperature 
Need for embedded system for steam monitoring and controlling.
The following parameter is to be controlled and monitoring by using Embedded Controller . 
Feed water temperature (ºC)
The Figure: 4 indicate the effect of feed water temperature to fuel efficiency in sugar industry, this unit can be used to monitor the temperature of boilers as well as control .
DESIGN PROCESS
Embedded system design is a quantitative job.
The pillars of the system design methodology are the separation between function and architecture is an essential step from conception to implementation. In recent past, the search and industrial community has paid significant attention to the topic of hardware-software (HW/SW) code sign and has tackled the problem of coordinating the design of the parts to be implemented as software and the parts to be implemented as hardware avoiding the HW/SW integration problem marred the electronics system industry so long. In any large scale embedded systems design methodology, concurrency must be considered as a first class citizen at all levels of abstraction and in both hardware and software. Formal models & transformations in system design are used so that verification and synthesis can be applied to advantage in the design methodology. Simulation tools are used for exploring the design space for validating the functional and timing behaviors of embedded systems.
Hardware can be simulated at different levels such as electrical circuits, logic gates, RTL e.t.c. using VHDL description. In some environments software development tools can be coupled with hardware simulators, while in others the software is executed on the simulated hardware. The later approach is feasible only for small parts of embedded systems. Specification: During this part of the design process, the informal requirements of the analysis are transformed to formal specification using SDL. System synthesis: For performing an automatic HW/SW partitioning, the system synthesis step translates the SDL specification to an internal system model switch contains problem graph& architecture graph. After system synthesis, the resulting system model is translated back to SDL. Implementation synthesis: SDL specification is then translated into conventional implementation languages such as VHDL for hardware modules and C for software parts of the system. Prototyping: On a prototyping platform, the implementation of the system under development is executed with the software parts running on multiprocessor unit and the hardware part running on a FPGA board known as phoenix, prototype hardware for Embedded Network Interconnect Accelerators. Development cycle: Design of an embedded system using Intel's 80C188EB chip is shown in the figure. 
ADVANTAGES
DISADVANTAGES
One time programmable device Even if it is possible to patch faulty software on an embedded system, the process is frequently far too complicated for the user. Another problem with embedded computers is that they are often installed in systems for which unreliability is not an option. This means that every embedded system needs to be tested and analyzed extensively. E.g. the targeting computer in a missile is not allowed to fail and accidentally target friendly units. An embedded system will have very few resources when compared to full blown computing systems like a desktop computer, the memory capacity and processing power in an embedded system is limited. Some embedded systems run a scaled down version of operating system called an RTOS (real time operating system).
Requirement analysis
APPLICATIONS
Embedded systems are finding their way into robotic toys and electronic pets, intelligent cars and remote controllable home appliances. All the major toy makers across the world have been coming out with advanced interactive toys that can become our friends for life. ‗Furby' and ‗AIBO' are good examples at this kind. Furbies have a distinct life cycle just like human beings, starting from being a baby and growing to an adult one. In AIBO first two letters stands for Artificial Intelligence. Indian efforts in embedded system development: Our India too entered into the field of embedded systems and had great developments in this field. It got marvelous results in the field of -Telematics‖ which is a part of technology used in cars. The description about it was discussed Total telematics experience is what they are looking for simply put telematics is the vehicles capability to communicate with the outside world and or the vehicle operator. It is a combination of telecommunication and computing. GPS navigation guides you through the traffic. The GPS interface in the car pinpoints your exact location on a map. In case the GPS signal can" t be received due to high density of tall buildings or other magnetic interface, the "dead reckoning " technique, which works for short durations guides you effectively. The system is also loaded with GSM/CDMA protocol standards
FUTURE SCOPE
Mobile embedded systems Controls in Automobile/Planes/Railways Medical electronics(Portable applications) Robotics and Industrial automation GPS Tiny computers Entertainment Networking Defence and many other areas.
CONCLUSION
Embedded systems have virtually entered every sphere of our life, right from the time we work out on tread mills to the cars that we drive today. The possibilities in this field are only limited by our imagination. Many of the embedded systems are managed by human controllers by some sort of man machine interface-for example a cash register, a cell phone, a TV screen or a PC interface. It is this MMI that often represents the most costly investment in the system's development, interms of both time and money.
